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IMAGE-FORMING DEVICE 

i 
i 

BACKGROUND OF THE INVENTION j 

- i 

I 

1. Field of the Invention j 

The present invention relates to an imager forming 

device such as a printer. 

2, Description of Related Art 

Image-forming devices such as printers are normally 
provided with a plurality of paper sensors disposed at 
prescribed intervals along the path in which the paper is 
conveyed. Each paper sensor includes an actuator that 

■ 

inclines in the conveying direction of the paper . 

When contacted by a sheet of paper, the actuator leans 
over, triggering an ON state. After the paper pasises over 
the actuator, the actuator returns to an upright position, 
triggering an OFF state. When a paper jam ocejirs, for 
example, the CPU in the image-forming device detjscts the 
ON/OFF state of each paper sensor and identifies t?he paper 

sensor that has detected the jam. Hence, the operator can 

i 

determine in what section of the image- forming device that 
the paper jam has occurred based on the layout of the paper 
sensors . 

Further, the image-forming device can record and print 
the time at which the error has been generated, as 'proposed 
in Japanese unexamined patent application publication No. 
2000-127572, for example. , 
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SUMMARY OF THE INVENTION j 
While the operator can learn the section ! of the 
printer in which the jam has occurred with this [type of 
printer, this information alone is insufficient for 
5 resolving the problem that has caused the paper jam to occur. 
Even if the printer records the time of the paper jam 
occurrence, determining the cause of the paper jam from the 
time of occurrence may not be easy. 

In view of the above-described drawbacks, iit is an 
10 object of the present invention to provide an ^Improved 
image-forming device that is capable of easily resolving the 
cause of an error occurrence . i 

In order to attain the above and other objects, the 
present invention provides an image-forming device 
15 comprising: an image forming portion forming images on an 
image recording medium; a signal-generating portion 
generating a status-indicating signal indicative of £ status 
of the image forming portion; a storage portion storjing data 

of the status-indicating signal; and a storage control 

i 

20 portion storing, in the storage portion, data of the' status- 
indicating signal in association with time series data 
indicative of a series of time. 

According to another aspect, the present invention 
provides an image-forming device comprising: an image 

25 forming portion forming images on an image recording medium; 



a signal-generating portion generating a status-indicating 
signal indicative of a status of the image forming portion; 
a storage portion storing data of the status-injdicating 

i 

signal;' and a storage control portion that stores * x in the 
5 storage portion, data of the status-indicating signal in the 
form of a series of data in association with a series of 
time . 

According to still another aspect, the . present 
invention provides an image- forming device comprising: a 

10 housing; an image forming portion mounted in the housing and 
forming images on an image recording medium; a sensor 
disposed in the housing and detecting a status of the image 
forming portion and generating a detection signal; aj storage 
portion storing data of the detection signal; and a! storage 

is control portion storing, in the storage portion, data of the 
detection signal in association with time data indicative of 

a series of time- 

BRIEF DESCRIPTION OF THE DRAWINGS i 
The above and other objects, features and advantages of 
20 the invention will become more apparent from reading the 
following description of the preferred embodiments taken in 
connection -with the accompanying drawings in which: 

Fig. 1 is a side cross-sectional view showing the 
construction of a laser printer according to a preferred 
25 embodiment of the present invention ; 
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Fig. 2 is a block diagram showing the electrical 

construction of the laser printer in Fig. 1; I 

[ 

Fig. 3(a) is an explanatory diagram showing the 
structure of a RAM in the laser printer; ; 

Fig. 3(b) is a timing diagram for sensors in 1 a first 

example; 

Fig. 3(c) is an analyzed result of data stored in a 
ring buffer of the RAM in the first example; 

Fig. 3 (d) indicates the data stored in the ring buffer 

in the first example; 

Figs. 4(a) - 4(c) show a second example, in which an 
error occurs due to a discharge sensor being bounced, 

wherein Fig. 4 (a) is a list of data stored in /the ring 
buffer of the RAM, Fig. 4(b) is an analyzed result of the 
data of Fig. 4(a), and Fig. 4(c) is a timing diagram for 
sensors in the second example; and 

Figs. 5(a) - 5(c) show a third example, in Which an 
error occurs due to opening of a cover, 

wherein Fig. 5(a) is a list of data stored in 'the ring 

i 

buffer of the RAM, Fig. 5(b) is an analyzed reaulf: of the 

data of Fig. 5(a), and Fig. 5(c) is a timing diagram for 

sensors and motor in the second example. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

An image-forming device according to a preferred 

i 

embodiment of the present invention will be described while 
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referring to the accompanying drawings wherein like pkrts and 
components are designated by the same reference numerals to 
avoid duplicating description. , 

A' laser printer according to an embodiment! of the 
present invention will be described with reference tjo (Figs. 
1 and 2) . 

As shown in Fig. 1, the laser printer 1 includes a 
ffl ain casing 2, a feeder unit 4 , and a n image forming unit 5. 
The feeder unit 4 and the image forming unit 5 are housed in 
the main casing 2. The feeder unit 4 supplies sheets 3 to 
the image forming unit 5. The image forming unit ; 5 forms 
desired images on the supplied sheets 3. 

As shown in Fig. 2, an ASIC (application-jspecif ic 
integrated circuit) 53, a high-voltage power source; 61, and 
a main motor 62 are provided in the laser printer 1. The 
ASIC 53 includes a CPU core 59 and a plurality of ports 80 
(port A, port B, .-) . The high-voltage power source 61 is 
for supplying electric power to various components iprovided 
in the laser printer 1. The main motor 62 is for generating 
power (motive power) based on the electric power ! supplied 
from the high-voltage power source 61. 

The CPU core 59 controls the high-voltage power source 
61 by supplying the high-voltage power source 61; with an 
electrical operation signal (On/Off operation signab - When 
the high-voltage power source 61 is turned on according to 
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the On operation signal, the high-voltage power source 61 
supplies electric power to the various components! in the 
laser printer 1, enabling the laser printer 1 to execute its 
printing operation. When the high-voltage power source 61 
is turned off according to the Off operation signal, the 
high-voltage power source 61 stops supplying electric power 
to the various components, thereby stopping the printing 
operation. It is noted that the CPU core 59 outputs the 
On/Off operation signal to a port 80 that corresponds to the 
high voltage power source 61. 

The CPU core 59 controls the main motor 1 62 by 
supplying the main motor 62 with another eljectrical 
operation signal (On/Off operation signal) . When the main 
motor 62 is turned on according to the On operationj signal, 
the main motor 62 supplies motive power to the j various 
components in the laser printer 1, enabling the laser 
printer 1 to execute its printing operation. When the main 
motor 62 is turned off according to the Off operation signal, 
the main motor 62 stops supplying motive power, to the 
various components, thereby stopping the printing operation. 
It is noted that the CPU core 59 outputs the On/Off 
operation signal to another port 80 that correspondte to the 
main motor 62. 

The feeder unit 4 includes a paper supply ttay 6, a 
paper pressing plate 7, a sheet supply rolled 8, a 
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separating pad 9, paper dust removing rollers 10 an* 11. and 
registration rollers 12. The paper pressing plate 7 is 
disposed inside the paper supply tray 6. The sheet supply 
roller 6 and the separating pad 9 are disposed above; one end 
of the paper supply tray 6. The paper dust removing roller 
10 and paper dust removing rollers 11 are disposed 
downstream of the sheet supply roller 8 in the conveying 
direction of the paper 3. The registration rollers 12 are 
disposed downstream of the paper dust removing roller 10 and 
the paper dust removing rollers 11 in the conveying 

i 

direction of the paper 3. Hereafter, the side of idhe laser 
printer 1 in which the sheet supply roller 8 is .provided 
(the right side in Fig. 1) will be referred to as the front 
side, while the side in which the fixing section 18 
described later is provided (the left side in Fig.. 1) will 
be referred to as the rear side. 

The paper supply tray 6 is formed in an open-itop box- 
shape and is disposed in the bottom section of the main 
casing 2. The paper supply tray 6 is detachably mounted in 
the main casing 2 via the front side of the laser pointer 1. 

A paper supply tray sensor 67 (see Fig. 2) is 'provided 
in the main casing 2. The paper supply tray sensor 67 
detects whether or not the paper supply tray 6 Is being 

i 

presently mounted in the main casing 2, and outputs On/Off 
25 detection signals to a corresponding port 80 in the ; ASIC 53. 
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The on detection signal indicates that the paper supply tray 
6 is being presently mounted in the main casing 2, w^ile the 
Off detection signal indicates that the paper supply tray 6 
is not being presently mounted in the main casing 2., 

The sheet pressing plate 7 is capable of supporting a 
stack of sheets 3. The sheet pressing plate 7 is pivotably 
supported at its end furthest from the sheet supply '.roller 8 
so that the end of the sheet preying plate 7 "that is 
nearest the sheet supply roller 8 can move vertically. 
Although not shown in the drawings, a spring for urging the 
sheet pressing plate 7 upward is provided to the rear 
surface of the sheet pressing plate 7. Therefore, the sheet 
pressing plate 7 pivots downward in accordance with increase 
in the amount of sheets 3 stacked on the sheet pressing 
plate 7. At this time, the sheet pressing plate 7 pivots 
around the end of the sheet pressing plate 7 farthest from 
the sheet supply roller 8, downward against the urging force 
of the spring. The sheet supply roller 8 and the sheet 
supply pad 9 are disposed in confrontation with each other. 
A spring 13 is provided beneath the sheet supply p'ad 9 for 
pressing the sheet supply pad 9 toward the shee|t supply 
roller 8. Urging force of the spring under the sheet 
pressing plate 7 presses the uppermost sheet 3 on the sheet 
pressing plate 7 toward the sheet supply roller; 8. The 
uppermost sheet 3 is sandwiched between the sheet supply 
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roller 8 and the separation pad 13. Thereafter, ja paper 

i 

supply solenoid 63 (Fig. 2) is excited. The excited paper 
supply solenoid 63 transmits the power from the main motor 
62 to the sheet supply roller 8. As a result, the sheet 
supply roller 8 rotates, thereby supplying one sheet 3 at a 
time. In this way, one sheet 3 at a time is separated from 
the stack and supplied to the paper dust removing rollers 10, 
11. 

The CPU core 59 (Fig. 2) controls the paper supply 
solenoid 63 by supplying the paper supply solenoid ' 63 with 
an electrical operation signal (On/Off operation signal) . 
When the paper supply solenoid 63 is turned on according to 

the On operation signal, the paper supply solenoid 63 

j 

supplies power of the main motor 62 to the sheet supply 

roller 8, as a result of which the sheet supply toller 8 

s 

rotates and feeds a sheet of paper 3. When the paper supply 

solenoid 63 is turned off according to the Off operation 

i 

i 

signal, the paper supply solenoid 63 stops supplying power 

j 

of the main motor 62 to the sheet supply roller 8, whereupon 

I 

the sheet supply roller 8 stops rotating and stops feeding a 
sheet of paper 3. It is noted that the CPU core 59' outputs 
the On/Off operation signal to a port 80 in the ASIC! 53 that 
corresponds to the paper supply solenoid 63. 

A paper supply tray stack sensor 68a (see Fig. 2) is 
provided in the main casing 2 at the end of tlie paper 
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pressing plate 7 nearest the sheet supply roller The 
paper supply tray stack sensor 68a detects whether or not 
any sheets of paper 3 are stacked on the paper pressing 
plate 7; and outputs a detection signal (on/off; signal 
indicative of the detected results) to a corresponding port 
80 in the ASIC 53. The ON detection signal is indicative of 
that some sheets are stacked on the paper pressing plate 7. 
The Off detection signal is indicative of that no sheet is 
stacked on the paper pressing plate 7. 

The paper dust removing rollers 10, 11 remove paper 
dust from the supplied sheet 3 and further convey them to 
the registration rollers 12. Being supplied with power from 
the main motor 62 (Fig. 2), the pair of registration 1 rollers 
12 perform a desired registration operation on the supplied 
sheet 3, and transport the sheet 3 to an image formation 
position, in the image formation position a photosensitive 
drum 27 and a transfer roller 30 contact each oiiher. In 
other words, the image formation position is the transfer 
position where the visible toner image is transferred from 
the surface of the photosensitive drum 27 to a sheet 3 as 
the sheet 3 passes between the photosensitive drum! 27 and 
the transfer roller 30. 

A pre-registration sensor 69a and a post-registration 
sensor 69b are provided in the upstream side and downstream 
side of the registration rollers 12 in the sheet conveying 
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direction. The pre-registration sensor 69a an<^ post- 
registration sensor 69b detect the condition of transmission 

i 

of the sheet 3 (recoding medium) . j 

Each of the pre-registration sensor 69a and tljie post- 

i 

registration sensor 69b includes a swingable actuatoir. When 

the paper 3 is conveyed along the paper-conveying pkth from 

» 

an upstream side of each sensor G9a or 69b, the leading edge 
of the paper 3 contacts its actuator, causing the Actuator 
to lean over and turn ON. When the trailing edgel of the 
paper 3 separates from the actuator, the actuator returns to 
an upright position (shown in Fig. 1) , turning OFF. . 

The pre-registration sensor 69a outputs its. ON/ OFF 
detection signal to a corresponding port 80 in the j ASIC 53 
(see Fig. 2) . In this example, the pre-registration sensor 
15 69a is connected, as Sensor 1, to the corresponding port 80. 
The post-registration sensor 69b outputs its j ON/OFF 
detection signal to a corresponding port 80 in the ASIC 53 
(see Fig. 2). In this example, the post-registration sensor 

69b is connected, as Sensor 2, to the corresponding i>ort 80. 

j 

20 Accordingly, the operator can monitor the conveying state of 
the paper 3 that is being conveyed in the laser printer 1 
and be notified of errors caused when the paper 3 jams, 
based on the ON /OFF status of the actuators in the pre- 



registration sensor 69a and post-registration sensor 



69b. 



25 The feeder unit 4 further includes a multipurpose 
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sheet supply mechanism. The multipurpose sheet! supply 

mechanism includes: a multipurpose tray 14, a multipurpose 

sheet supply roller 15 , and a multipurpose sheet supply pad 

i 

25. The multipurpose sheet supply roller 15 and the 

s 

5 multipurpose sheet supply pad 25 are disposed in 

confrontation with each other and are for supplying sheets 3 

♦ 

that are stacked on the multipurpose tray 14. A spring 25a 
provided beneath the multipurpose sheet supply .pad 25 
presses the multipurpose sheet supply pad 25 up toward the 

io multipurpose sheet supply roller 15. Rotation ;of the 
multipurpose sheet supply roller 15 moves sheets 3 one at a 
time from the stack on the multipurpose tray 14 to a 
position between the multipurpose sheet supply pad! 25 and 
the multipurpose sheet supply roller 15 so that the sheets 3 

15 on the multipurpose tray 14 can be supplied one at a; time to 
the image formation position. . 

A multipurpose tray stack sensor 68b (Fig.. 2) is 
provided in the multipurpose sheet supply mechanism and 



detects whether or not any sheets 3 are stacked 



20 multipurpose tray 14. The multipurpose tray stack sensor 



68b outputs an On/Off detection signal to a corre 



on the 



ponding 



r 

port 80 in the ASIC 53. The On detection signal is 
indicative of that some sheets are stacked .on the 
multipurpose tray 14. The Off detection signal is 
25 indicative of that no sheet is stacked on the multipurpose 



12 



10 



tray 14. 

The image forming section 5 includes a scanner - section 
16, a process unit 17, and the fixing section >8. The 
scanner section 16 is provided at the upper sectioij of the 

i 

casing 2 and is provided with a laser emitting section (not 
shown), a polygon mirror 19, lenses 20, 21, and reflection 
mirrors 22, 23, 24. The laser emitting section emits- a laser 
beam based on desired image data. The polygon mirror 19 is 
driven by a scanner motor 64 (Fig. 2) to rotate. As 
indicated by single-dot chain line in Fig. 1, the laker beam 
passes through or is reflected by the mirror 19, the' lens 20, 
the reflection mirrors 22 and 23, the lens 21, land the 
reflection mirror 24 in this order so as to irradiate, in a 
high speed scanning operation, the surface ;of the 
photosensitive drum 27 of the process unit 17. 

Thus, the polygon mirror 19 is driven to rotate by the 
scanner motor 64 (Fig. 2). The CPU core 59 (|Fig. 2) 
controls the scanner motor 64 (Fig. 2) by supplying the 
scanner motor 64 with an electrical operation signal! (Qn/Off 
operation signal) . When the scanner motor 64 is timed on 
according to the On operation signal, the scanner motor 64 

i 

rotates "the polygon mirror 19, thereby scanning the laser 
beam onto the photosensitive drum 27. When the ! scanner 
motor 64 is turned off according to the Off operation signal, 

J 

2S the scanner motor 64 stops rotating the polygon mirror 19, 
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thereby stopping laser scanning operation. It is noted that 
the CPU core 59 outputs the On/Off operation signal to a 
port 80 in the ASIC 53 that corresponds to the scannjer motor 

64- j 

The process unit 17 is disposed below the i scanner 

i 

section 16. The process unit 17 includes a drum cartridge 26 
and a development cartridge 28. The drum cartridge 2]6 can be 
detached from the main casing 2 and housies the 
photosensitive drum 27, a scorotron charge unit 29 , and a 
transfer roller 30. The drum cartridge 26 can be detached 
from the main casing 2 by opening a front cover 2a , which is 
provided to the main casing 2. 

i 

The front cover 2a is provided on the front surface of 
the main casing 2. The front cover 2a is r'ptatably 
supported on the main casing 2 by a hinge 2b provided on the 
bottom edge of the front cover 2a. The front cover 2a is 
opened and closed in relation to the main casing 2 by 
swinging the top edge of the front cover 2a forward and 
rearward. 

A cover sensor 72 (see Fig. 2) is disposed near the 

front cover 2a, The cover sensor 72 detects the open and 

closed status of the front cover 2a. More specifically, the 

cover sensor 72 turns ON when the front cover 2a is' opened. 

The cover sensor 72 turns OFF when the front cover 2a is 

i 

closed. 



The cover sensor 72 outputs its ON/ OFF detection 
signal to a corresponding port 80 in the ASIC 53 (see Fig. 
2) . In this example, the cover sensor 72 is connected, as 
Sensor 12. to the corresponding port 80. Accordingly, the 
operator can monitor whether the front cover 2a is opened or 
closed based on the ON/ OFF detection signal from the cover 
sensor 72. 

The CPU core 59 halts operations of the operating 
members 57 (see Fig. 2) to be described later when ; the CPU 

i 

core 59 receives an ON detection signal from the cover 
sensor 72. For example, when the cover sensor 72 , detects 
that the front cover 2a is opened during a printing! process 
and issues an ON detection signal to the CPU core 59, the 
CPU core 59 halts the operation of the high-voltade power 
source 61 by outputting an OFF operation signal to the high- 

i 

voltage power source 61 and halts operation of t|he main 

motor 62 by outputting an OFF operation signal to the main 

motor 62. In this way, the laser printer 1 can ensure the 

1 

..safety of the operator. 

The development cartridge 28 is detachable from the 
..drum cartridge 26 and is provided with a developing roller 
31, a layer thickness regulating blade 32, a supply roller 
^33 and a toner hopper 34. 

The toner hopper 34 is filled with positively charging, 
non-magnetic, single-component toner. In the (present 
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embodiment, polymerization toner is used as thej toner. 
Polymerization toner has substantially spherical particles 
and so has an excellent fluidity characteristic. To! produce 
polymerization toner, a polymerizing monomer is subjected to 
well-known copolymerizing processes, such as suspension 
polymerization. Examples of a polymerizing monomer ! include 
a styrene type monomer and an acrylic type monomer. An 
example of a styrene type monomer is styrene. Examples of 
acrylic type monomers are acrylic acid, alkyl | (C1-C4) 
acrylate f and alkyl (C1-C4) metaacrylate . Because the 
polymerization toner has such an excellent fluidity 
characteristic, image development is reliably performed so 
that high-quality images can be formed. 

Materials such as wax and a coloring agent are 
15 distributed in the toner. The coloring agent can b£ carbon 
black, for example. In addition, external additive ,! such as 
silica, are added in the toner to further improve the 
fluidity characteristic. The toner has a particle diameter 
of about 6 - 10 pm. 

i 

A rotation shaft 35 is disposed in the center of the 
toner hopper 34. An agitator 36 is supported on the rotation 
shaft 35. The agitator 3 6 rotates in the clockwise 

direction by the power supplied from the main motor 62 (Fig. 

s 

2) . The agitator 36 agitates the toner in the toneir hopper 
34 and discharges the toner through a toner supply : opening 
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37 that is opened through the side wall of the tone£ hopper 

i 

34. 

A window 38 for detecting remaining toner is provided 

i 

in each of two opposing end walls of the toner hopper 34. A 

i 

cleaner 39 for cleaning the windows 38 is supported on the 
rotation shaft 35- 

A toner sensor 70 (see Fig. 2) includes a; light- 
emitting device (not shown) and a light-receiving; device 
(not shown) that are disposed one on either side, of the 
toner hopper 34 and confront each other via the windows 38. 
The toner sensor 70 detects whether the toner hopper 34 is 
out of toner, and outputs an ON /OFF detection! signal 
indicative of whether the toner hopper 34 is empty to a 
corresponding port 80 in the ASIC 53. The ON detection 
signal indicates that the toner hopper 34 is empty. • The OFF 

detection signal indicates that the toner hopper 3^ is not 

i 

s 

empty. i 

The supply roller 33 is located on the side: of the 
toner supply opening 37. The developing roller 31 is 
located confronting the supply roller 33- The supply roller 
33 and the developing roller 31 are rotatable j in the 
counterclockwise direction. The ^supply roller 33 -and the 
developing roller 31 are disposed in abutment contact with 

i 
■ 

each other so that both are compressed to a certain extent. 

The supply roller 33 includes a metal roller shaft 



covered with a roller formed from an electrically conductive 
sponge material. The supply roller 33 rotates j in the 
counterclockwise direction by the power supplied from the 
main motor 62. i 

The developer roller 31 includes a metal roller shaft 
and a roller portion covered thereon. The roller portion is 
made from a resilient member formed from a conductive rubber 
material. In more specific terms, the roller portion of the 
developing roller 31 is made from conductive silicone rubber 
or urethane rubber including, for example, carbon particles. 
The surface of the roller portion is covered with a t coating 
layer of silicone rubber or urethane rubber that contains 
fluorine. The high-voltage power source 61 (Fig. 2) j applies 
the developing roller 31 with a predetermined developing 
bias with respect to the photosensitive drum 27, The 
developing roller 31 rotates in the counterclockwise 
direction according to the power supplied from tjhe main 
motor 62 (Fig, 2) . \ 

The layer thickness regulating blade 32 is disposed 
near the developing roller 31- The layer thickness 
regulating blade 32 includes a blade made from a metal leaf 
spring, -and has a pressing member 40, that is provided on a 
free end of the blade. The pressing member 40 has ja semi- 
circular shape when viewed in cross section. The pressing 
member 40 is formed from silicone rubber with electrically 

i 
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insulating properties. The layer thickness regulating blade 
32 is supported by the developing cartridge 28 at a location 
near the developing roller 31. The resilient forcei of the 
blade presses the pressing member 40 against the surface of 
5 the developing roller 31. 

The rotation of the supply roller 33 supplies the 

developing roller 31 with toner that has been discharged 

i- 

through the toner supply opening 37. At this time, the toner 
is triboelectrically charged to a positive charge j between 

io the supply roller 33 and the developing roller 31. Then, as 
the developing roller 31 rotates, the toner supplied onto 
the developing roller 31 moves between the developing roller 
31 and the pressing member 40 of the layer thickness 
regulating blade 32. This reduces thickness of the toner on 

15 the surface of the developing roller 31 down to a thin layer 
of uniform thickness. 

i 

The photosensitive drum 27 is disposed to the 'side of 
and in confrontation with the developing roller fll. The 
photosensitive drum 27 is rotatable in the clockwise 

20 direction. The photosensitive drum 27 includes a drua-shaped 
member and a surface layer. The drum-shaped member is 

- - — connected -to -ground. The surface layer is formed; on the 
drum-shaped member from a photosensitive layer that! is made 
from polycarbonate and that has a positively charging nature. 

25 The photosensitive drum 27 rotates in the clockwise 
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direction according to the power supplied from tjh* main 

i 

motor 62. ! 

The scorotoron charge unit 29 is disposed above the 
photosensitive drum 27 and is spaced away from the 
photosensitive drum 27 by a predetermined space sp as to 
avoid direct contact with the photosensitive drum 27 . The 
scorotron charge unit 29 is a positive-charge scorotron type 
charge unit for generating a corona discharge from a charge 
wire made from, for example, tungsten. The scorotoron 
charge unit 29 is applied with a charging voltage from the 
high-voltage power source 61 (Fig. 2) to form a blanket of 
positive-polarity charge on the surface of the 

i 

photosensitive drum 27. 

The transfer roller 30 is rotatably supported in the 
drum cartridge 26 at a position below and in confrontation 
with the photosensitive drum 27. The transfer roller 30 is 
rotatable in the counterclockwise direction. The transfer 
roller 30 includes a metal roller shaft and a roller! portion 
covering the shaft and made from electrically-conductive 
rubber material. At times of toner image transfer, the high- 
voltage power source 61 applies the transfer roller. 30 with 
-a— predetermined— transfer . bias with respect ;to the 
photosensitive drum 27. The transfer roller 30 rotates in 

the counterclockwise direction according to the power 

l 

s 

supplied from the main motor 62 . ' 
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As the photosensitive drum 27 rotates, the scjorotoron 
charge unit 29 first forms a blanket of positive charge on 

the surface of the photosensitive drum 27, and then the 

i 

surface of the photosensitive drum 27 is exposed jto high 

! 

5 speed scan of the laser beam from the scanner section 16. 
The electric potential of the positively charged surface of 
the photosensitive drum 27 drops at positions exposed to the 

i 

laser beam. As a result, an electrostatic latent image is 
formed on the photosensitive drum 27 based on desirted image 

10 data used to drive the laser beam. Next, an inverse 
developing process is performed- That is, as the developing 
roller 31 rotates, the positively-charged toner borne on the 
surface of the developing roller 31 is brought into' contact 
with the photosensitive drum 27. Because of the developing 

15 bias voltage applied to the developing roller 31, the toner 
on the developing roller 31 is supplied to lower-potential 
areas of the electrostatic latent image on the 
photosensitive drum 27. As a result, the toner is 
selectively borne on the photosensitive drum 27 so that the 

20 electrostatic latent image is developed into a visible toner 
image. 

Thereafter, the visible toner image borne ■ on the 
surface of the photosensitive drum 27 is transferred to a 
sheet 3 according to the transfer bias applied; to the 
25 transfer roller 30 as the sheet 3 passes between the 
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photosensitive drum 27 and the transfer roller 30. 

The fixing section 18 is disposed to the side of the 
process unit 17 and downstream of the same in the conveying 
direction of the paper 3. The fixing section 18 includes a 
5 heating roller 41 , a pressure roller 42 applying pressure to 
-the heating roller 41, and a pair of transport rollers 43. 
The transport rollers 43 are disposed downstream . of the 
heating roller 41 and the pressure roller 42. The heating 
roller 41 is formed of metal in a cylindrical shape and 

10 accommodates a fixing heater 65 (see Pig. 2) including a 
halogen lamp. The fixing heater 65 heats the heating roller 
41. K fan 66 (see Fig. 2) is provided in the fixing^ section 
18 to decrease the temperature of the surface of the* heating 
roller 41. . 

15 A thermistor 71 (see Fig. 2) is provided to detect the 

surface temperature of the heating roller 41 : The 
thermistor 71 is disposed in contact with the surface of the 
heating roller 41. The CPU core 59 controls the ON /OFF 
state of the fixing heater 65 and the ON /OFF statej of the 

20 fan 66 (see Fig. 2) based on the temperature detected by the 
thermistor 71. More specifically, the CPU core 59 generates 
an electrical operation signal (On/Off signal) tor the 
fixing heater 65 and an electrical operation signal. (On/Off 
signal) for the fan 66 dependently on the detected 

25 temperature. The CPU core 59 supplies the On/Off signals to 
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the fixing heater 65 and to the fan 66. Hence, by | turning 
on and off the fixing heater 65 according to the On/Off 
signal and by turning on and off the fan 66 according! to the 
On/Off signal, the surface temperature of the heatinjg roller 
41 is maintained at a predetermined fixing temperature. 
Further, the main motor 62 (see Fig. 2) drives the, heating 
roller 41 to rotate in the clockwise direction indipated by 
the arrow in Fig, 1. It is noted that the CPU core 59 
outputs the On/Off operation signal for the fixing heater 65 
to a port 80 in the ASIC 53 that corresponds to thf fixing 
heater 65 and that the CPU core 59 outputs thd On/Off 
operation signal for the fan 66 to another port |80 that 
corresponds to the fan 66. 

The pressure roller 42 presses against the j heating 
roller 41 and rotates in the counterclockwise direction . 

i 

indicated by the arrow in Fig. 1 in cooperation |ith the 
heating roller 41. 

In this way, the process unit 17 transfers toner onto 
the paper 3. The heating roller 41 and pressure roller 42 

20 subsequently fix the toner onto the paper 3 by heat as the 
paper 3 passes therebetween. The transport roljlers 43 
convey— the paper— 3 -onto ~a - sheet-discharge path 44. i Sheet- 
discharge rollers 45 discharge the paper 3 onto a sheet- 
discharge tray 46. 

25 A discharge sensor 69c is provided on the sheet- 

i 
i 
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discharge path 44 at a position downstream side; of the 
transport rollers 43 and near to the transport rollers 43. 
The discharge sensor 69c includes a swingable actuator 
similarly to the pre-registration sensor 69a and post- 
registration, sensor 69b, That is, when the paper 3 is 
conveyed along the sheet-discharge path 44 from an upstream 
side of the sensor 69c, the leading edge of the paper 3 
contacts its actuator, causing the actuator to lean bver and 
turn ON. When the trailing edge of the paper 3 separates 
from the actuator, the actuator returns to an | upright 
position (shown in Fig. 1), turning OFF. The discharge 
sensor 69c outputs its ON /OFF detection signal to a 
corresponding port 80 in the ASIC 53. In this example, the 

i 
i 

discharge sensor 69c is connected, as Sensor 3, j to the 
corresponding port 80. Hence, the operator can monitor the 
status of the paper 3 conveyed to the sheet-discharge 
rollers 45 and be notified of errors caused by the .paper 3 
jamming, based on the ON /OFF status of the actuator detected 
by the discharge sensor 69c 

The laser printer 1 is further provided with an 

inverting transport unit 47 for inverting sheets 3 that have 

i 

— ^been-printed -on—once- -and -for returning the_ sheets 3 to the 
image forming unit 5 so that images can be formed on both 

sides of the sheets 3. The inverting transport unit 47 

j 

includes the sheet-discharge rollers 45, an inversion 
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transport path 48, a flapper 49, and a plurality of 

i 
I 

inversion transport rollers 50. ; 

The sheet-discharge rollers 45 are a pair of ! rollers 
that can be rotated selectively forward or in reverse. The 
sheet-discharge rollers 45 are rotated forward to discharge 
sheets 3 onto the sheet-discharge tray 46 and rotated in 
reverse when sheets are to be inverted. j 

The inversion transport rollers 50 are disposed below 
the image forming unit 5. The inversion transport !path 48 
extends vertically between the sheet-discharge roljlers 45 
and the inversion transport rollers 50. The upstream end of 
the inversion transport path 48 is located near the sheet- 
discharge rollers 45 and the downstream end is located near 
the inversion transport rollers 50 so that sheets 3 can be 
transported downward from the sheet-discharge rollers 45 to 
the inversion transport rollers 50. \ 

The flapper 49 is swingably disposed at the function 

between the sheet-discharge path 44 and the inversion 

transport path 48. By activating or deactivating a solenoid 

(not shown) , the flapper 49 can be selectively swung; between 

the orientation shown in broken line and the orientation 

i 

—shown -by— sol-id line— in -F-ig . — 1 — The— orientation shown in 
solid line in Fig. 1 is for transporting sheets 3 that have 
one side printed to the sheet- discharge rollers .45. The 
orientation shown in broken line in Fig. 1 is for 
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transporting sheets from the sheet-discharge rollers; 45 into 
the inversion transport path 48, rather than back into the 
sheet-discharge path 44. 

The inversion transport rollers 50 are j aligned 

5 horizontally at positions above the sheet supply tray 6. The 
pair of inversion transport rollers 50 that is farthest 
upstream is disposed near the rear end of the inversion 
transport path 48, The pair of inversion transport rollers 
50 that is located farthest downstream is disposed below the 

10 registration rollers 12. 

The inverting transport unit 47 operates , in the 
following manner when a sheet 3 is to be formed with images 
on both sides. A sheet 3 that has been formed on one side 
with an image is transported by the transport rollers 43 

15 from the sheet-discharge path 44 to the sheet-discharge 
rollers 45. The sheet-discharge rollers 45 rotate , forward 
with the sheet 3 pinched therebetween until almost: all of 
the sheet 3 is transported out from the laser printer 1 and 
over the sheet-discharge tray 46. The forward rotation of 

20 the sheet-discharge rollers 45 is stopped once the rear-side 
end of the sheet 3 is located between the sheet-discharge 
—rollers-45T - Then 7— the -sheet-discharge rollers 45 are driven 
to rotate in reverse while at the same time the flapper 49 
is switched to change transport direction of the .sheet 3 

25 toward the inversion transport path 48. As a result, the 
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sheet 3 is transported into the inversion transport path 48. 

i 
i 

The flapper 49 reverts to its initial position once 
transport of the sheet 3 to the inversion transport j path 48 
is completed. That is, the flapper 49 switches back to the 
position for transporting sheets from the transport 5 rollers 
43 to the sheet-discharge rollers 45. Next, the inverted 
sheet 3 is transported through the inversion transport path 
48 to the inversion transport rollers 50 and then upward 
from the inversion transport rollers 50 to the registration 
rollers 12. The registration rollers 12 align the frbnt edge 
of the sheet 3. Afterward, the sheet 3 is transported toward 
the image formation position. At this time, the ujiper and 

lower surfaces of the sheet 3 are reversed from tlie first 

j 

time that an image has been formed on the sheet 3 so 1 that an 
image can be formed on the other side as well. In tfris way, 
images are formed on both sides of the sheet 3. 

According to the present embodiment, the laser j printer 
1 can store, in a time series: detection signals isstied from 
the sensors 58 (paper supply tray sensor 67, paper supply 
tray stack sensor 68a, multipurpose tray stack sensor 68b, 
pre-registration sensor 69a, post-registration senior 69b, 
- -discharge - sensor 69c, toner sensor- 70, --thermistor ;71, and 
cover sensor 72); and operation signals issued from .the CPU 
core 59 to the operating members 57 (high-voltagie power 

source 61, main motor 62 , paper supply solenoid 63,! scanner 

■ 
i 
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motor 64, fixing heater 65, and fan 66), The laser • printer 
1 can output the stored data. 

Fig. 2 is a block diagram showing the electrical 
construction of the laser printer 1- ; 

i 

As shown in Fig. 2, the laser printer 1 includes: an 
engine 51, an interface 52, the ASIC 53, a ROM 54, aj RAM 55, 

a NVRAM 56, and a user interface 90, The NVRAM 56 is a 

- • 

nonvolatile memory. 

The engine 51 includes the mechanical components 
described above with reference to Figs. 1 and 1 2 for 
executing the printing process, these mechanical components 
include: the various sensors 58 (paper supply tray sensor 67, 
paper supply tray stack sensor 68a, multipurpose tray stack 
sensor 68b, pre-registration sensor 69a, post- registration 
sensor 69b, discharge sensor 69c, toner sensor 70, 
thermistor 71, and cover sensor 72) for detecting the status 
of the laser printer 1; and the various operating members 57 
(high-voltage power source 61, main motor 62, paper supply 
solenoid 63, scanner motor 64, fixing heater 65, and; f an 66) 
which are electrically driven in accordance with electric 
operation signals supplied from the CPU core 59 and based on 
-electric power- supplied— f-rom- the high-voltage power source 
61. 

A personal computer 74 is connected to- the interface 
52 as an external device. 

i 

: 
I 

s 
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The user interface 90 is constructed from a display 
and a switch panel. An operator can input his/her ■ desired 
instruction and/or selection into the laser printpr 1 by 

i 

manipulating the switch panel while viewing the display . 

i 

The ASIC 53 includes the CPU core 59 and the plurality 
of ports 80 (ports A, B f C, D, E, ~) . The ASiq 53 is 
connected, via buses 60, to the ROM 54, the RAM !55, the 
NVRAM 56, the engine 51, the interface 52, and the user 

interface 90. j 

i 

The CPU core 59 serves as the center of control in the 
laser printer 1, and controls each component in the laser 
printer 1 . 

Each of the plurality of operating members 57 :(61, 62, 
63, 64, 65, 66) and the plurality of sensors 58 (67, 68a, 
68b, 69a, 69b, 69c, 70, 71, 72) is connected to a 
corresponding port 80 in the ASIC 53. An operation signal 
issued from the CPU core 59 to each operating member 57 is 
inputted to the corresponding port 80 in the ASIC 53. More 
specifically, the operation signal is supplied from 1 the CPU 
core 59 to the corresponding operating member 57 Jvia the 
corresponding port 80. A detection signal issued from each 
sensor- 58 is -inputted into the corresponding port 80. More 
specifically, the detection signal is supplied fcom each 
sensor 58 to the CPU core 59 via the corresponding port 80. 

The RAM 55 is a memory for temporarily storing 
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numerical values and other data. The RAM 55 included a ring 
buffer 73. 

i 

The ROM 54 stores therein various programs for 

controlling the laser printer 1. The programs include: a 

j 

5 print control program, an error detection program, a 1 storage 
control program, and an output program. 

By executing the print control program, the GPU cor© 
59 controls the mechanical components 57 and 58 to perform a 
printing process. 
10 By executing the error detection program, the j:PU core 

59 determines whether an error has occurred and tfte error 
has been cleared in the laser printer 1 based on detection 
signals issued from the sensors 58. The CPU core 59 
generates an error- indicating signal based on the determined 

15 results. The CPU core 59 turns the error-indicating signal 

i 

ON when the CPU core 59 determines that an erjror has 
occurred. The CPU core 59 turns the error-indicating signal 
OFF when the CPU core 59 determines that an error has been 
cleared. The CPU core 59 inputs the error- indicating signal 
20 into a corresponding port 80 in the ASIC 53. 'In this 
example, the CPU core 59 is connected to the corresponding 

i 

port— 80- -as- -Sensor- -15- serving- _as- a source. .o.f__ the] errors 

indicating signal. ; 

By executing the storage control program, the CPU core 
25 59 stores, in the ring buffer 73, data of the detection 



30 



signals inputted from the sensors 5B to the ports 80, data 
of the operation signals for the operating members 57 
inputted from the CPU core 59 to the ports 80, and: data of 

the er^or-indicating signal (data indicative of occurrence 

i 

of errors and data indicative of clearance of J errors) 
inputted from the CPU core 59 to the port 80. The CPU core 
59 stores the data of detection signals when the detection 
signals change, stores the data of operation signals when 
the operation signals change, and stores the data of error 
occurrence/clearance when the error-indicating * signal 
changes. Accordingly, the CPU core 59 stores, in the ring 
buffer 73, the data of detection signals, the jdata of 
operation signals, the data of error occurrence, jand the 
data of error clearance in the form of a time series, that 
is, in an order when the detection signals change, jrtien the 
operation signals change, when the error occurs, ^nd when 
the error is cleared. ! 

By executing the output program, the CPU core 59 
outputs data of the detection signals, operation signals, 

error occurrence, and error clearance stored in the ring 

i 

buffer 73. 

The NVRAM 56— is a nonvolatile memory. Data stored in 
the NVRAM 56 will not be lost even when the laser printer 1 
loses power or is reset. 

Next, the storage control program will be described in 
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greater detail. By executing the storage control program, 
the CPU core 59 writes, in the ring buffer 73, data of the 
detection signals issued from the sensors 58 , data of the 
operation signals issued from the CPU core 59 to the 
operating members 57/ and data of the error- indicating 
signals issued from the CPU core 59 (results o,f error 
detection, that is, error occurrence and error clearance) as 
a time series . 

As shown in Fig. 3(a), the ring buffer 73 is set in 
the RAM 55 to have a predetermined storage capacity. For 
example, the ring buffer 73 is prepared in the RAM 55 to 
have a capacity of 1,024 bytes for storing data equivalent 
to printing four pages worth of A4-size paper during a 
normal printing operation. Data of the detection Signals, 
operation signals, and the error-indicating signal is 
sequentially written to the ring buffer 73 according to the 
storage control program whenever the status of the data 
changes. 

More specifically, by executing the storage . control 
program, the CPU core 59 generates timing data and port data 
when some change occurs in the detection signals, the 
operation-signals, and the error-indicating signals inputted 
to the ports 80. The ring buffer 73 is set to a capacity 
capable of storing timing data of one byte and port 'data of 
one byte. j 
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Each of Changes in the detection signals and in the 
operation signals is indicated by two bytes of data, I that is, 
one set of timing data and one set of port data, j Timing 
data indicates the timing at which the change has obcurred. 
Port data indicates what kind of change has occurred in 
which sensor 58 or operating member 57 at that timing. 

! 

Changes in the error-indicating signals, that! is, the 
error detection results are indicated by four bytes of data 
including: one set of timing data, one set of pqrt data 
indicative of error occurrence/clearance, one set of dummy 
timing data, and another set of port data indicative' of type 
of error. The port data indicative of error occurrence is 

5 

FFh, while the port data indicative of error clearance is 

FEh. The dummy timing data is OOh. A unique number is 

assigned for each type of error. For example, thejtype of 

error data indicative of a paper jam error is m 54h".: 

i 
i 

Accordingly, data (timing data and port data) is 

stored in the ring buffer 73 only when changes occur in the 

detection signals from the sensors 58, in the operation 

signals outputted to the operating members 57, and) in the 

error-indicating signal outputted from the CPU core 59, 

thereby— storing only data necessary -for analysis.; As a 

result, it is possible to facilitate the analysis and reduce 

i 

the amount of the required memory capacity. I 

The timing data is indicative of the length iof time 



33 1 



that, has elapsed from the time when data (timing Aata and 
port data) has been written in the ring buffer 73? at the 
latest to the time when data (timing data and port data) is 
currently written in the ring buffer 73. ! 

It is noted that in this example, the storage capacity 
prepared in the ring buffer 73 for each set of timing data 

is set to one byte that corresponds to 2.25 seconds.; Hence, 

i. 

when 2.25 seconds or more elapses after the previous change 
has occurred, an overflow (FFh) is stored as timing. data in 
the ring buffer 73. More specifically, a timer (not shown 
in the drawings) is provided in the ASIC 53 to measure the 
elapsed time. When the elapsed time reaches the prescribed 
time (2.25 seconds, in this example), the timer stops 
measuring time, and timing data "overflow" is written in the 
ring buffer 73. This further reduces the amount, of the 
required memory capacity. 

When power to the laser printer 1 is turned ©n, that 
is, when the high-voltage power source 61 is turned, on, the 
CPU core 59 starts executing the storage control program- 
Timing data and port data are successively stored^ in the 
ring buffer 73 from the point in time that power, to the 
- — laser -printer 1- -is— turned -on . —When- t-he-ent-ire -storage area 
of the ring buffer 73 is filled with timing data and port 
data, newly-generated timing data and port data is • written 
over timing data and port data that has been writit n th 

i 

! 

i 
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oldest among all the sets of timing data and port data that 
are presently stored in the ring buffer 73, As a result, 
the oldest data is deleted, and the new data is written in 
the ring buffer 73. 
5 By executing the output program, the CPU .core 59 

outputs the timing data and port data stored in the ring 
buffer 73. 

The output program includes a mode selection j program 

i 

enabling an operator to select his/her desired mode. By 
io executing this mode selection program, the CPU core 59 
prompts the operator to select either one of: an output 
enable mode for executing output; and an output disable mode 
for not executing output. More specifically, the CPU core 
59 controls the display in the user interface 90 to display 
15 a mode-selection menu. The mode-selection menu shows 
indication of the output enable mode and the output. disable 
mode. While viewing the mode-selection window, the operator 
manipulates the switch panel in the user interface 90 to 
select his/her desired one of the output enable mode, and the 
20 output disable mode. j 

For the output enable mode, the operator further 
—chooses— settings -in- the output program-for- outputting the 
data in the ring buffer 73 to the personal computer 74 via 
the interface 52, for outputting the data to the NfRAM 56, 

25 or for printing out the data on the paper 3.j More 

i 
i 

! 
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specifically, the mode selection program further enables the 
operator to select one of: a PC-output mode for outputting 
data in the ring buffer 73 to the PC 74; an NVRAtf-output 
mode for outputting data in the ring buffer 73 to the NVRAM 
5 56; and a print-output mode for outputting data in the ring 
buffer 73 onto a sheet of paper 3 . According to the mode 
selection program, when the operator selects thd output 
enable mode, the CPU core 59 prompts the operator to: further 
select either one of the PC-output mode, NVRAM-outppt mode, 

10 and print-output mode, by controlling the display j in the 
user interface 90 to display another mode-selection ! menu to 
indicate the PC-output mode, NVRAM-output mode, and print- 
output mode. The user manipulates the switch panel! in the 
user interface 90 to select his/her desired mode from among 

15 these three modes. 

By outputting timing data and port data storecl in the 

i 

ring buffer 73 to the personal computer 74 or by printing 

out this data on the paper 3 , the operator can j confirm 

i 

detection signals from the sensors 58, operation I signals 

! 

20 outputted to the operating members 57, and occurrence and 
clearance of errors as a time series. Hence, the j history 

i 

leading -up- to the error -occurrence can_ be- clearly._presented 
to the operator, enabling the operator to analyze tJjie cause 
of the error in detail. By outputting timing data and port 

25 data stored in the ring buffer 73 to the NVRAM 56, the NVRAM 

i 

: 
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56 will store the data even when the power to the laser 
printer 1 is temporarily turned off. Therefore, the 
operator can later control the laser printer 1 to output the 
data to the personal computer 74 or on the paper 3 and 
analyze the cause of the error. ; 

The mode selection program further enables the 
operator to select either one of a normal output mode and an 
automatic output mode. During the normal output mode, the 
CPU core 59 will start executing the output program when the 
operator manipulates the switch panel in the user interface 
90 to input his/her instruction to output data in the ring 
buffer 73 during the output enable mode- During the 
automatic output mode, the CPU core 59 will automatically 
start executing the output program when an error is detected 
during the output enable mode or when a detected error is 
cleared during the output enable mode. After the operator 
selects the output enable mode and selects either one of the 
PC-output mode, NVRAM-output mode, and print-outpiit mode, 
the CPU core 59 prompts the operator to further 1 select 
either one of the normal output mode and the automatic 

i 

output mode by controlling the display in the user interface 
—90 -to- show— st-i-1-1- another -mode- selection menu that indicates 
the normal output mode and the automatic output mode. The 
user can manipulate the switch panel in the user interface 
90 to select either one of the normal output mode and the 
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automatic output mode. ! 

It is noted that instead of using the user interface 
90 on the laser printer 1, the operator can perform] his/her 
setting operation on the PC 74: to select one of th£ output 
5 enable mode and the output disable mode; to select one from 
among the PC-output mode, NVRAM-output mod©, and print- 
output mode; and to select one of the normal output mode and 
the automatic output mode. Data of the operator's selection 

is inputted via the interface 52 into the laser printer 1. 

i 

10 Next will be described examples showing how, timing 

i 

data and port data is successively written in tihe ring 

buffer 73. j . 

i 

<first example> 

It is now assumed that the paper 3 is being fed along 

15 the sheet feeding path. As shown in Fig. 3(b), the' leading 
edge of the sheet 3 reaches the pre-registration sensor 69a 
70 msec after some previous change has occurred, turning ON 
the pre-registration sensor 69a. The leading edgej of the 
sheet 3 reaches the post-registration sensor 69b '50 msec 

20 after the pre-registration sensor 69a has turned ON, turning 
ON the post-registration sensor 69b. Next, as the result of 
the conveyance of the paper 3, the trailing edge, of the 
sheet 3 ^separates f ronr^fie^re'registrati"on "sensor 69a 2.25 
seconds or more after the post-registration sensor ;69b has 

25 turned ON, turning OFF the pre-registration sensor 69a. 
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i 

Next, the trailing edge of the sheet 3 separates from the 
post-registration sensor 69b 50 msec after the pre- 
registration sensor 69a has turned OFF, turning jOFF the 
post-registration sensor 69b. ; 

l 

5 In this case, a series of data 07h, llh r 05h, 21h, FFh, 

lOh, 05h, 20h is stored in the ring buffer 73 in, a time 

j 

series as shown in Fig. 3(d). 

An analysis of the data series of Fig. 3 (d) ' reveals 
the following information: As shown in Fig. 3(c), '70 msec 

10 (07h) is stored as timing data and Sensor 1 (pre- 
registration sensor 69a) = high (ON) (llh) is stored; as port 
data under Data 0. 50 msec (05h) is stored as timing data 
and Sensor 2 (post-registration sensor 69b) - high (ON) 
(21h) is stored as port data under Data 1. Overflow (FFh) 

15 is stored as timing data and Sensor 1 (pre-registration 
sensor 69a) - low (OFF) (lOh) is stored as port data under 
Data 2. 50 msec (05h) is stored as timing data and Sensor 2 
(post-registration sensor 69b) = low (OFF) (20h) is stored 
as port data under Data 3. In this way, the series. of data 

20 is divided into four sets of Data 0-3, each entry Data 
including timing data and port data. 

— <second~example> - — 

In this example, while the paper 3 is being conveyed, 
as shown in Fig. 4(c), the trailing edge of the jpaper 3 

25 separates from the post-registration sensor 69b, causing the 

i 
i 

i 

! 
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post-registration sensor 69b to turn OFF 70 msec after the 
previous change (timing P) . After an image is formed at the 
image forming position, the leading edge of the -paper 3 
contacts the discharge sensor 69c 70 msec after the post- 

5 registration sensor 69b has turned OFF, turning the 
discharge sensor 69c ON (timing Q) . After 2.25 seconds or 
more elapses, the trailing edge of the paper 3 separates 
from the discharge sensor 69c, and the discharge sensor 69c 
turns OFF (timing R) : After another 10 msec, the discharge 

10 sensor 69c turns ON again and then turns OFF 20 msec. later. 
After another 10 msec, the discharge sensor 69c aga^n turns 
ON. An error is detected 10 msec later (timing S) . 

i 

More specifically, the CPU core 59 detects the 
occurrence of error at timing 5 by executing the error 
15 detection program. The CPU core 59 determines that a paper 
jam error has occurred by knowing the fact that the 
discharge sensor 69c is in an ON state at timing S. It is 
noted that if the paper 3 is conveyed normally, after the 
trailing edge of the sheet 3 separates from the post- 
20 registration sensor 69b at" timing- P, the trailing 'edge of 
the sheet 3 separates from the discharge sensor i 69c at 

timing R. Timing" S" "is defined as- such- a timing that is a 

predetermined length of time after timing P, and :that is 
—after timing R. Because -timing -S is after timing R, it is 
25 known that if the paper 3 is properly conveyed after timing 
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P, the trailing edge of the sheet 3 should have j already 

separated from the discharge sensor 69c at timing js. The 

CPU core 59 therefore determines that a paper jam error has 

occurred if the discharge sensor 69c is in the ON istate at 

j 

timing S . ! 

Next, the discharge sensor 69c turns OFF 10 msec after 
timing S. After 2.25 seconds or more elapses, the error is 
cleared, although not shown in the drawing. 

In such a case, timing data and port data is; written 
to the ring buffer 73 in the form of a series of jdata as 
shown in Fig, 4 (a) - 

An analysis of this data series reveals the following 
information: As shown in Fig. 4 (b) , 70 msec (07h) is stored 
as timing data and Sensor 2 (post-registration sensor 69b) = 
low (OFF) <20h) is stored as port data under Data 0 : . Next/ 
70 msec (07h) is stored as timing data and Sjsnsor 3 
(discharge sensor 69c) = high (ON) (31h) is stored I as port 

i 
i 

data under Data 1. Overflow (FFh) is stored as timing data 
and Sensor 3 (discharge sensor 69c) = low (OFF) (30h) is 
stored as port data under Data 2. 10 msec (Olh) is stored 
as timing data and Sensor 3 (discharge sensor 69c) = high 
_{ 0N _) — (3i-h) is stored as port data under Data 3. ;20 msec 
(02h) is stored as timing data and Sensor 3 (discharge 
sensor 69c) « low (OFF) (30h) is stored as port data under 

Data 4. 10 msec (Olh) is stored as timing data and Sensor 3 

i 



(discharge sensor 69c) = high (ON) (31h) is stored! as port 

data under Data 5. 10 msec (Olh) is stored as timkng data 

and error set (FFh) is stored as port data under Datja 6- In 

addition, 0 msec (OOh) , indicating the same timej as the 

5 error detection timing, is stored as dummy timing clata and 

JAM (5411), serving as the error type, is stored as pprt data 

under Data 6. Next, 10 msec (Olh) is stored as timing data 

and Sensor 3 (discharge sensor 69c) - low (OFF) j[30h) is 

stored as port data under Data 7. Overflow (FFh) is stored 

io as timing data and error clear (FEh) is stored as pbrt data 

under Data 8- In addition, 0 msec (OOh) is stored as dummy 

timing data and the error type JAM (54h) is stored, as port 

I 

data under Data 8 . This data indicates that the error is 
cleared 2.25 seconds or more after the timing in Data 7. 

15 if the laser printer 1 is in the output enable mode, 

the laser printer 1 outputs data of Fig. 4(a) when the error 
occurs or when the error is cleared. That is, at the time 
of occurrence or clearance of error, the operator inputs 
his/her output instruction into the laser printer .1, upon 

20 which the laser printer 1 performs outputting operation. 
Alternatively, the laser printer 1 automatically ! outputs 
data in the ring buffer 73 when the error occurs or when the 
error is cleared. Analyzing the outputted results, the 
operator can construct the timing chart of Fig. 4(c). The 

25 operator knows the following stories: At the timing R, the 

42 
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discharge sensor 69c turns OFF. In other worjds, the 
actuator returns to its upright position because the 
trailing edge of the paper 3 separates normally from the 
discharge sensor 69c. After 10 msec, the actuator turns ON 
again and 20 msec later turns OFF. After another j 10 msec 
the actuator turns ON again. Another 10 msec later the 

error is detected (timing S) , and the actuator tirns OFF 

I 

after another 10 msec. 

Based on this data, the operator knows that the 
detected error has caused not because the paper 3 |has not 

passed over the discharge sensor 69c, but becajuse the 

actuator in the discharge sensor 69c has bounce?!. The 

operator can take measures to prevent the actuator from 
bouncing, by employing a cushion or the like. ; 

a 5 <third example> 

Fig. 5 (a) shows the timing data and port datji stored 
in the ring buffer 73 when another error is detected. Fig. 
5(b) shows the information resulting from analyzing pie data 

in Fig. 5(a) . | 

Specifically, as shown in Fig. 5(c), while the! paper 3 
is being conveyed, the leading edge of the paper 3 contacts 
the discharge -sensor 69c 70 msec after the previous . change , 
turning the discharge sensor 69c ON (timing T) . After 2.25 
seconds or more has elapsed, the cover sensor 72 iums ON 
(timing U) . At the same time, the main motor 62 is turned 
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off in response to an OFF operation signal that iis issued 
from the CPU core 59 in order to ensure safety: of the 
operator. Another 10 msec later, the cover sensor 72 turns 
OFF (timing v) . A paper jam error is detected 50 msec later 
(timing S) because the discharge sensor 69c is in the ON 
state at the timing S similarly to the second example. 

More specifically, the CPU core 59 detejcts the 

occurrence of paper jam error at timing S by executing the 

j 

error detection program. The CPU core 59 determines that a 

paper jam error has occurred by knowing the fact fchat the 

discharge sensor 69c is in an ON state at timing S' that is 

the predetermined length of time after timing P (nbt shown 

in Fig. 5(c)) when the post-registration sensor 69b jhas been 

turned OFF before timing T, at which the discharge sensor 

69c has turned ON, , 

i 

Next, after 2.25 seconds or more elapses, the terror is 
cleared, although not shown in the drawing. 

Fig. 5(a) shows the data written to the ring buffer 73 
in this example, while Fig. 5(b) shows the results of 
analyzing this data. ] 

As shown in Fig. 5(b), 70 msec (07h) is scored as 
.timing data_and Sensor 3 (discharge sensor 69c) = hilgh (31h) 
is stored as port data under Data 0. Next, overflow (FFh) 
is stored as timing data and Sensor 12 (cover sensor 72) = 
cover open (12h) is stored as port data under Data 1. 0 
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msec (OOh) is stored as timing data and motor (majLn motor 
62) = low (SOh) is stored as port data under Data 2. 10 
msec (Olh) is stored as timing data and Sensor 12 (cover 
sensor 12) - cover close (12h) is stored as port dajta under 
Data 3. 50 msec (05h) is stored as timing data and error 
set {FFh) is stored as port data under Data 4, In addition, 

0 msec (OOh) is stored as dummy timing data and the error 

j 

type JAM error (54h) is stored as port data under j Data 4. 
Overflow (FFh) is stored as timing data and error clear 
(FEh) is stored as port data under Data 5, In addition, 0 
msec (OOh) is stored as dummy timing data and the erjror type 
JAM error (54h) is stored as port data under Data 5. This 
data indicates that the error has been cleared 2,25 seconds 
or more after the timing in Data 4. 

if the laser printer 1 is in the output enable mode, 
the laser printer 1 outputs data of Fig. S (a) when the error 
occurs or when the error is cleared. Analyzing the 
outputted results, the operator obtains the timing chart of 
Fig. 5(c). This timing chart shows that the cover sansor 72 
has detected 50 msec prior to the error-detection timing S 
that the front cover 2a is in an open state for a period of 
exactly -10— msec- between, .the timings U and V. This timing 
chart also shows that the CPU core 59 turns DFF the 
operation signal for the main motor 62 at timing U in 
response to the ON detection signal from the cover sensor 72, 



45 



and that the operation signal continues in the OFF state 
from timing U even after timing V. Based on this data, the 
operator determines that the error detected by the error 
detection program is caused not by the paper 3 being unable 
to pass over the discharge sensor 69c, but is caused ; because 
the front cover 2a is temporarily opened and closed due to 
vibrations. The opening of the front cover Za halts the 
main motor 62 for safety purposes, resulting in the" : paper 3 
remaining in contact with the discharge sensor 69ci without 
being conveyed. In this case, the operator knows that 
measures should be taken to prevent the front cover, 2a from 
easily opening and closing due to vibrations. 

Hence, the operator can confirm the operational 
history up to the point that the error is generatedj and can 
thereby easily analyze the cause of the error. By analyzing 
detection signals along the paper-conveying pathj it . is 
particularly easy to determine the cause of a)ci error 
generated by a paper jam. As a result, the operator can 
perform an accurate analysis of the cause of; errors 
occurring from paper jams. 

Since the laser printer 1 enables the operator to 

i 

"analyze generated errors by linking the plurality of! sensors 
58 and the plurality of operating members 57 in this way, 

the operator can achieve a detailed analysis of the cause of 

i 

errors. 



Because the laser printer 1 is provided with [the ring 
buffer 73 and is stored with the storage control program and 

the output program, it is very useful for the manufacturer 

i 

to accurately inspect the laser printer 1 prior to [shipment 
5 and to accurately perform repairs at maintenance- service 
centers after shipment. It is possible to quickly and 
accurately analyze the cause of errors in order ito take 
proper measures. ' 

In other words, when inspecting or repairing t!he laser 

10 printer 1, the operator (inspector or maintenance-service 
operator) executes his/her desired settings on the laser 
printer 1 to bring the laser printer 1 into the output 
enable mode. The operator further executes his/herj desired 
settings on the laser printer 1 so that the laser printer 1 

15 will output the data in the ring buffer 73 to the personal 
computer 74, for example. In this case, when an error has 
occurred, the operator inputs his/her instruction to! execute 
the output program. As a result, results of error detection, 
as well as detection signals by the sensors 58 and operation 

20 signals outputted to the operating members 57 - over a 
prescribed period (which corresponds to the capacity (1,024 
bytes, in this example) of the ring buffer 73) umtil the 
point that the error is detected are outputted ■ to the 
personal computer 74. Accordingly, the operator (inspector 

25 or maintenance-service operator) can easily view the 
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outputted data on the CRT screen of the personal computer 74 

1 

and quickly analyze the cause of the error. 

Alternatively, the operator may perform settings on 
the laser printer 1 so that the laser printer! 1 will 
directly print out the data in the ring buffer <\3. The 
operator can immediately view the output data on the. paper 3 

printed out by the laser printer 1 and quickly analyze the 

j 

cause of the error. 

Further, the operator may perform settings!, on the 
laser printer 1 so that the laser printer 1 will output data 
in the ring buffer 83 to the NVRAM 56. When .data is 
outputted to the NVRAM 56, the laser printer 1 itselif stores 
the data even when the power to the laser printer 1 is 
temporarily turned off. Therefore, the operator can later 
control the laser printer 1 to output the data' to the 
personal computer 74 or to the paper 3 and analyze the cause 
of the error on the personal computer 74 or on the pkper 3. 

In the mode selection program, the operator can also 
set the laser printer 1 to automatically output the', data in 

the ring buffer 73 when an error is detected during the 

i 

output enable mode or when a detected error is j cleared 
during— the- output enable mode. With this setting, ! data is 
automatically outputted at a timing when an error occurs or 
a timing when the error is cleared. This enables the 
25 operator to analyze the cause of the error efficiently. 
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The operator performs settings " to select either the 

i 

output enable mode or the output disable mode using *the mode 

selection program. The laser printer 1 will output data 

stored in the ring buffer 73 only when necessary.; It is 

therefore possible to improve the efficiency of processing 

in the laser printer 1 by reducing unnecessary processes. 

More specifically, the operator selects the output 

enable mode when inspecting or repairing the laser ptrinter 1. 

Accordingly, data stored in the ring buffer 73 is outputted 

for the operator's inspection. The operator selects the 

output disable mode for all other uses. For examplp, after 

inspecting the laser printer 1 and before shipping the laser 

printer 1, the inspector selects the output disable mode. 

Data in the ring buffer 73 will not be outputted when a user 

who has purchased the laser printer 1 is using the laser 

printer 1. Similarly, after repairing the laser printer 1 

and before returning the laser printer 1 back to the user, 

the maintenance-service operator selects the output 1 disable 

i 

mode. It is possible to reduce unnecessary processes by not 

outputting data stored in the ring buffer 73. 

As described above, according to the laser pyinter 1 

of the present embodiment, by executing the storage 1 control 

program, the CPU core 59 stores detection signals from the 

sensors 58, operation signals outputted to the operating 

members 57, and error-indicating signals in a time series in 

i 
i 
i 

i 
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the ring buffer 73 whenever a change occurs in any jof these 
data. The CPU core 59 outputs the data stored in the ring 
buffer 73 to the personal computer 74, for example , leased on 
the output program. Accordingly, the operator can yiew the 

i 

5 history of detection signals outputted from the sensors 57 

and the operation signals outputted to the operatingj members 

i 

57 up to the point that the error is generated on : the CRT 
screen of the personal computer 74. The operator cam easily 
analyze the cause of the generated error. 
10 While the invention has been described in detail with 

reference to the specific embodiment thereof, it would be 
apparent to those skilled in the art that various! changes 
and modifications may be made therein without departing from 
the spirit of the invention. 

15 For example, in the embodiment described abdve, the 

i 

timing data indicates the length of time elapsed up to the 
time when data is currently being written to the ring buffer 
73 from the time when data has been written to the ring 
buffer 73 at the latest. However, the timing data may 
20 indicate the length of time elapsed from the time at which 
the power to the laser printer 1 has been turned in until 
the current writing, provided that the RAM 55 has suiff icient 
capacity. j 

In the embodiment described above, the pojrt data 

25 indicative of the status of the detection signals , the 

i 
i 
I 
l 



operation signals, and the error- indication signals are 

stored in the ring buffer 73. However, port data indicative 

j 

of other conditions or status of the laser printer il may be 
stored in the ring buffer 73. For example, data indicative 
of whether power to the laser printer 1 is in an dN state; 
data indicative of whether the laser printer 1 is in a warm- 
up state; data indicative of whether the laser printer 1 is 
in a sleep state; and data indicative of whether the laser 
printer 1 is performing a printing process may be stored as 
port data. 

in the above-described embodiment, the ■ present 
invention is applied to a laser printer 1, but the present 

i 

invention can also be applied to an inkjet printer br image 
forming devices of other types - 

Further, in the above-described embodiment, the NVRAM 
56 is used as the nonvolatile memory, but flash memory may 
also be used as nonvolatile memory in the present invention. 

In the above-described examples, the pre^ registration 

sensor 69a, post-registration sensor 69b, discharge sensor 

69c, and cover sensor 72 are used as examples of the! sensors 

58, and the main motor 62 is used as an example of the 

operating member - 57 . - However, other various components 

(sensors 58 and operation members 57) can be connected to 

the ports 80 in the ASIC 53 so that the states of those 

components will be used in the analysis of error causes. 

i 

i 

! 
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